Homoserine dehydrogenase-I (Escherichia coli): action of monovalent ions on catalysis and substrate association-dissociation.
Changes in the kinetic properties of homoserine dehydrogenase-I (HD-I) from Escherichia coli, caused by substitution of Na+ for the normal activating monovalent ion, K+, has been investigated by equilibrium isotope exchange kinetics (EIEK). HD-I, part of the aspartokinase/homoserine dehydrogenase-I complex, is one of the few dehydrogenases to exhibit allosteric feedback regulation and cation activation. EIEK methods are especially useful for definitively identifying which rate constants are altered by bound modifiers. Saturation curves for the [14C]Hse<-->ASA and [3H]NADP+<-->NADPH exchanges were compared in the presence of K+ vs Na+, varying different combinations of substrate pairs in constant ratio at equilibrium. Kinetic differences between the K+ and Na+ enzymes were analyzed systematically by simulations with the ISOBI program. This analysis clearly demonstrates that substituting Na+ for K+ shifts the kinetic mechanism from preferred order random to a nearly random order scheme, along with causing significant rate limitation at catalysis between the central complexes. Initial velocity kinetics demonstrate that HD-I has a 10-fold higher affinity for Na+ than K+, but that the Na(+)-enzyme is 10-fold less active and exhibits higher substrate Km values, especially for L-Hse.